The article presents the results of the research on the possibility of using a trickling filter for high efficiency treatment of dairy sewage. Nowadays, to the best of the authors' knowledge, it is possible to change the activated sludge system to the trickling filter technology, especially in small dairy plants with lower raw sewage parameters in comparison to larger plants. In the research, dairy wastewater after dissolved air flotation (DAF) process was treated with a laboratory scale Gunt CE701e research model which allows to control the basic parameters of the treatment with a trickling filter (TF). The conducted study included determining the changing sewage parameters during the DAF process, as well as the trickling filter (TF) efficiency. Such parameters as Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD), total Organic Carbon (TOC), total Kjeldahl nitrogen (TKN) and total phosphorous (TP) were checked. The research results confirmed the possibility of high efficiency treatment of dairy sewage with DAF and trickling filter technologies. The average efficiency of DAF treatment was 59.3% for BOD, 49.0% for COD and 80.0% for TP, while the average treatment efficiency of TF was 87.3%, 78.3% and 27.9% without recirculation and 95.2%, 85.5% and 42.0% with 100% recirculation applied, respectively. The load of TF during the operation without recirculation was on average 0.22 kgBOD 5 •m -3 •d -1 and 0.25 with 100% recirculation. Applying recirculation allowed to reach the BOD, COD and total phosphorus standards for the sewage discharged to a receiver from Bielmlek dairy WWTP. On the other hand, the concentration of total nitrogen exceeded the permitted standards in this facility.
INTRODUCTION
TFs have been used to provide biological sewage treatment for more than 100 years. A TF is a non-submerged fixed-film biological reactor using rock or plastic media over which sewage is distributed continuously [Tchobanoglous, 1997; Godoy-Olmos et al., 2016] . They were commonly used in Poland in the 1970s and 1980s for treating both municipal and food industry sewage. Classic TFs (sprinkling system) generally operated with Imhoff tanks. Additionally, rotary biological contactors (RBC) were widely applied in small towns and such facilities as hotels, holiday resorts etc. Discontinuing their usage in Poland resulted from introducing the demands concerning intensive removal of biogenic compounds in 1991 [Regulations, 1991; Regulations, 2014] .
It practically caused the disappearance of this technology for the sake othe f activated sludge. In Russia, for example, a limited use of trickling filter stemmed from very high standards for removing the organic substance for specific sewage receivers. [Gogina & Yantsen, 2015] . Unlike in Poland, wastewater treatment plants using TF 
MATERIAL AND METHODS

Dairy WWTP characteristic
The research was carried out in a wastewater treatment plant of dairy cooperative Bielmlek in Bielsk Podlaski, Poland. The dairy plant specializes in the production of cheese, butter, powdered milk and powdered whey. 5 , COD, TN and TP respectively. The primary sewage treatment is based on screening, sand removal and dissolved air flotation DAF (Fig. 1) . The biological treatment is carried out in two Sequencing Batch Reactors (SBRs). Excessive sludge is mechanically dewatered and used as fertilizer. The treated wastewater is discharged to the Biała river. for BOD 5 , COD, TN and TP, respectively.
Laboratory scale installation
In laboratory tests, the pretreated sewage from Bielmlek dairy WWTP after DAF flotation was used. A testing system designed by the GUNT company (figure 3) was applied mainly for carbon removal and nitrification. It consisted of a TF filled with fittings made of HDPE ma- In accordance the instruction, the start-up of the TF model lasted eleven weeks. At the beginning, the TF was supplied with activated sludge using aeration to obtain biofilm. Then, supplying the research installation with dairy sewage began. The examination of the biofilm structure (its content) in a BUT laboratory confirmed the proper functioning of the bed. Figure 4 presents microorganisms in the biofilm obtained during the startup. 
RESULTS AND DISCUSSION
Efficiency of DAF treatment
The DAF device proved to be very effective in removing the pollution load from the dairy wastewater. During the research period, the mean value of percentage removal was 59.3%, 49.0%, 39.8%, and 80% for BOD 5 , COD, TN and TP, respectively (Fig. 5) (2002) showed that properly adjusted mixing and flocculation times can lead to significant oil separation, achieving more than 99% removal. Table 2 (table 1) did not differ from the typical sewage content in broad production range (milk, cheese, powder milk). The sewage content after the DAF process is very individual and depends mainly on the amount of chemicals used in this process [Dąbrowski, 2011 , Dąbrowski et al. 2016 .] It was observed that during the experiment without treated sewage recirculation, sewage parameters significantly exceeded the permitted emission standards for Bielmlek WWTP [IPPC, 2015] . Only the phosphorous concentration was below the permitted value.
Efficiency of TF treatment
The load indicator during treatment without recirculation was calculated using the average values of BOD 5 
CONCLUSIONS
Currently, the DAF process is commonly used in the food industry WWTPs, especially with meat and dairy production wastewater. Its application can decrease the load of organic matter, phosphorus and nitrogen in raw wastewater. It substantially decreases the load of the biological treatment part of WWTPs. During the research concerning treating dairy wastewater after DAF process with TF technology, it was proven that it is possible to achieve high efficiency of treatment. The parameters after treatment with low load TF allowed to discharge sewage to the receiver (BOD, COD and TP). The average efficiency of treatment was up to 95.9% for BOD and up to 87.3% for COD. The issue of high efficiency phosphorus removal was solved during the DAF treatment. During the authors' own research, the concentration of TP decreased from 20.3 to 3.8 mgP•dm -3 with DAF and reached 1.33 mgP•dm -3 after TF treatment, on average. The efficiency of the chemical phosphorus removal depends mainly on the amount of chemicals used during its precipitation. It confirms the possibility of changing the activated sludge into TF technology, especially in small dairy plants. The primary advantage of this solution is a lack of excess sludge and lower consumption of energy. Further research will be conducted to determine the influence of temperature on the possibility of high efficiency treatment and the possibility of intensifying the removal of total nitrogen.
